2018) The interaction between a HSP-70 gene variant with dietary calories in determining serum markers of inflammation and cardiovascular risk. Clinical Nutrition, 37 (6).
Introduction
The heat shock proteins (HSPs) are a family of molecules that are released by cells in response to cell 62 stress, that include: free radicals, sheer stress and toxins (1). Hsp70 has been shown to be highly 63 expressed in different physiological and environmental stress, and protects cell and tissues (2). There 64 are, three human genes encoding members of HSP70 class including HSP70-1/2 and HSP70-hom (3) 65 and this locus appears to be involved in determining CAD risk(4-6). 66 We have previously reported an association between the HSP70-2 gene +1267A>G polymorphism 67 with cardiovascular disease (7) and also with obesity as an important risk factor for cardiovascular 68 disease (8). There have been other reports of a relationship between the 1267A>G Hsp70 variant with 69 CVD risk factors (9, 10) . These studies have evaluated the role of HSP70 gene variants on serum 70 inflammatory biomarkers such as Hs-CRP (5, 10). Serum CRP, is an well established inflammatory 71 marker that is related with an increased CVD risk (11) . It is also possible that genetic predisposition 72 and dietary factors interact to play an important role in determining CVD (12). 73 We have therefore evaluated the association of a genetic variant, HSP70-2 gene +1267A>G with the 74 presence of CAD , comparing CAD patients with 740 healthy individuals recruited from the Mashhad 85 Anthropometric determinants, including height, body weight, waist and hip circumference were 86 assessed (13). Biochemical parameters, including C-reactive protein (CRP), total cholesterol (TC), 87 low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and 88 triglyceride (TG), fasting blood glucose (FBG) were evaluated as described previously (14).
Anthropometric and biochemical determination

89
Assessment of dietary intake 90
A 24-h recall questionnaire was used to assess daily intake, and this was analyzed as described 91 previously (15) using Dietplan6 software (Forest field Software Ltd., UK). Smirnov test was utilized for evaluation of the normality of the variables within groups. Categorical 103 data were assessed using a χ 2 test. The statistical difference for genotype distribution and allele 104 frequencies among groups was assessed by the χ 2 analysis and Hardy-Weinberg equilibrium using a Kruskal-Wallis and Mann-Wilcoxon U tests. Residual models were used to adjust dietary intake 107 variables for energy intake (18).We also examined multiplicative and additive interactions between 108 the SNP and environmental factors (i.e. dietary intake) on the risk of high serum Hs-CRP 109 concentrations. Multiplicative interaction was analyzed using the multiplicative term in a multiple 110 logistic regression model. To examine the modifying influence of the studied variant on dietary intake 111 in association with Hs-CRP concentration, we used multivariate logistic regression models. Potential 112 confounders were adjusted for; these included: age, sex, physical activity, smocking, energy intake, 113 body mass index and inflammatory markers, and white blood cell count (WBCC). The main indices 114 of biological interaction: AP, the attributable proportion due to interaction; RERI, the relative excess 115 risk due to interaction; and S, the synergy index (19) were computed and calculated using the method 116 of Andersson et al.(20) . All the analyses were done using SPSS 20 (SPSS Inc., IL, USA) and a two-117 sided statistical significance was set at P value ≤0.05. 120 The association of the HSP70-2 variant with demographic characteristics, fasted lipid profile, blood 121 pressure, Inflammatory biomarkers and dietary Intake are shown in Table 1 . The genotype 122 distribution of the polymorphism was in HWE (P>0.05). The frequency of the risk-associated G 123 allele was 47.53 %, and the frequencies of AA, AG, and GG genotypes were respectively 18.7%, 124 67.6% and 13.7%, in the total sample. There was no significant differences between different 125 genotypes with respect to: weight, waist circumference and physical activity level (p value>0.05).
118
Results
119
Association of HSP70-2 gene +1267A>G genetic variant with general characteristics of population
126
However the sex distribution and age were significantly different. There were no significant 127 differences between serum TG in different genotypes in different models (p value>0.05 
Association of HSP70-2 gene +1267A>G genetic variant with serum Hs-CRP 137
As shown in Table 2 , after adjustment for the potential confounders, the HSP70-2 gene +1267A/G 138 variant was associated with an increased likelihood of a high serum Hs-CRP concentration. We found 139 a gene-disease association with an OR of 1.24 with an accuracy of >80% under the dominant genetic 140 model with CRP. Therefore, subjects with GG genotype had a higher likelihood of a high CRP level 141 (in adjusted dominant model, OR= 1.1, 95%CI (0.7-1.8), than those with the A allele.
142
Interaction of life style with HSP70-2 gene +1267A> on and energy intake with serum Hs-CRP
143 under dominant genetic model 144 We also studied the nutrient intake across this genetic variant to determine the modulatory influence 145 of diet on the outcome. We observed no statistically significant difference in dietary habit between 146 groups in relation to macronutrients and energy consumption (Table 1) . Interaction between gene × 147 diet intakes was conducted on multiplicative and biological interaction analysis (Table 3 and figure   148 1). There was no statistically significant multiplicative interaction (p value=0.5). However, results 149 suggested an additive interaction between this variant with energy intake. These data showed that 150 subjects with a GG genotype and high energy intake had an increased likelihood of a high serum Hs-151 CRP (OR=3, 95%CI 1.2-7, p=0 .01) compared with the reference group, defined as subjects with low 152 risk; low energy intake and carrying A protective allele. The influence of both exposures together exceeds the effect of the two exposures separately and there was a positive and significant additive 154 interaction. The parameters of additive interaction were also reported: RERI= 0.77, 95%CI: (-1.2-155 2.8); AP=0.26, 95%CI: . A super additive interaction or 156 positive interaction is said to exist when; RERI >0, AP >0, or S >1 (21).
158
Discussion 159 We have demonstrated that CAD patients with GG genotype and a high energy intake had an 160 increased likelihood of a high serum Hs-CRP (OR=3, 95%CI 1.2-7, p=0.01), compared to the 161 reference group that was defined based on subjects with less risk; low energy intake and carrying A 162 protective allele. Moreover, we found that this effect was more pronounced when both factors were 163 present, and there was a positive and significant additive interaction. This is consistent with previous 198 Inflammation is an important risk factor of CVD (30), and the onset and progress of an atherosclerotic 199 lesion. The inflammatory response may be modulated by changes in dietary intake through both pro-200 and anti inflammatory pathways (31) . It has been shown that genetic alterations can influence the 201 modulatory effect of diet on inflammation status. Therefore, we have investigated whether the 202 magnitude of association between this variant was modulated by diet intake. Our results show that 203 GG carriers for the HSP70-2 gene +1267ANG polymorphism with a high consumption of energy interact with energy intake and obesity in Japanese population(34).
210
In conclusion, we found that a genetic variant at the HSP70-2 gene locus (the +1267ANG) appears to 211 be a factor in the inter-individual differences in the inflammation response that is modulated by a 212 high energy diets in CAD patients. Our results suggest that a energy dense diet may exaserbate the 213 inflammation status in CAD patient who carries risk genotype. Further studies are required to identify 214 individuals who may benefit from a more personalized approach to diet modification. 0.01 Adjusted for age, sex, BMI, smoking, WBC Dietary energy intake: high and low were above and below the median in the control group. Measures of biological interaction: RERI, the relative excess risk due to interaction; AP, the attributable proportion due to interaction; and S, the synergy index Statistically significant with the 95% CI of RERI > 0, the 95% CI of AP > 0, or the 95% CI of S > 1, indicating positive additive interaction.
